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THE  PERMANENT  LIFE  OF  CONNECTIVE  TISSUE 
OUTSIDE  OF  THE  ORGANISM.* 
BY ALBERT  H.  EBELING. 
(From the Laboratories  of  The Rockefeller Institute for Medical Research, 
New  York.) 
PLATES 53 AND  54. 
In  previous  articles I  it  has  been  demonstrated  that  connective 
tissue  cells  grow  actively  outside  of  the  organism  for  more  than 
four months  and thane a  fragment  of heart  still  pulsates after more 
than  ioo  days  of  life  in  vitro.  The  purpose  of  this  article  is  to 
describe the continuation  of these experiments. 
The  cultures  of  connective tissue  on  which  Dr.  Carrel  made  his 
observations  were  derived  from  sixteen  small  fragments  of  heart 
and  blood  vessels,  extirpated  on  January  17,  1912,  from  chick 
embryos,  seven  to  eighteen  days  old.  These  sixteen  cultures  did 
not grow actively.  Several accidents occurred, and in March,  1912, 
only five cultures  survived.  After some modifications  in  the tech- 
nique  growth  became  more  active.  The  mass  of  the  new  tissues 
increased  rapidly.  The  tissues  were  divided  and  subdivided.  In 
May,  1912  ,  twenty-five  to  thirty  cultures,  derived  from  the  few 
surviving cultures, were growing actively.  The size of the piece of 
tissue  contained  in  each  culture  increased  very  much  during  the 
latter  part  of  May,  1912.  Large  necrotic  areas  appeared  in  the 
center of the tissues, and the growth now became less active. 
I  took  charge  of  these  cultures  on  June  I,  1912.  They  were 
washed in Ringer solution and transferred  to a  fresh medium every 
second, third, or fourth day, according to the technique described by 
Dr.  Carrel. 2  The growth was slow and  several bacterial  infections 
occurred, so that on July I  only five cultures survived.  These, how- 
ever,  were  growing  actively.  As  the  fragments  were  very  small 
it was not possible to divide the  tissues.  In the beginning of Sep- 
tember they were in good  condition  (figures  I  and  2).  Technical 
accidents  caused the  loss of several cultures,  and  on  September  2 5 
only one culture survived.  This culture arose  from a  fragment of 
connective  tissue  derived  indirectly  from  the  fragment  of  heart 
* Received for  publication, November 26,  1912. 
1  Carrel, A., Jour.  Exper.  Med.,  1912, xv, 516;  Pozzi, F.,  Bull.  de  l'Acad,  de 
todd.,  1912, lxvii, 475. 
2  Carrel, A., loc.  cit. 
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which  still  pulsated  after  lO  4  days  of  life in  vitro.  It  was  very 
small  but  grew  actively.  By  repeated  washings  and  passages  the 
rate  of growth  was activated.  On  October  23  the  piece of tissue 
began  to  increase  rapidly  and  was  divided  in  two  parts.  These 
cultures  grew  well  and  quickly  and  were  divided  and  subdivided 
again  and  again.  On  November  17  the  mass  of  tissue  had  in- 
creased,  and  twelve large  cultures  were  finally  obtained  from  the 
culture  left  in  October.  In  January,  I913,  there  were  thirty 
cultures. 
The  tissues  contained  in  these  cultures  originated,  as  stated,  in- 
directly  from  a  piece  of  heart  extirpated  on  January  i7,  i912. 
Their growth was interrupted  128 or 129 times by a  short washing 
in Ringer solution and, by passage into a  fresh medium.  The history 
of these tissues is briefly described in table I.  In December,  1912  , 
the  appearance  of  the  cultures  was  about  the  same  as  of  those 
which have been described in another article2  From a central mass 
of coagulated plasma  and  cells,  new  tissue,  composed of elongated 
and  ramified  cells densely matted,  grew  out concentrically  (figures 
3 and 4). 
The rate of growth following a passage can be seen by comparison 
with the width of the concentric ring of connective tissue surround- 
ing the original  central  piece transferred.  In  many  cases the  rate 
of growth was modified by the osmotic tension,  the composition of 
the  medium,  the  manner  in  which the  piece of tissue  was  cut  out 
for the transfer,  and the  frequency of the passages.  Nevertheless, 
growth  during  the  eleventh  month  of the  life of these  tissues  was 
very much more active  than the growth .of a  fr.agment  of heart  of 
an eight day old chick embryo, and the mass of the tissues increased 
rapidly. 
The experiments show that connective tissue can be kept in a  con- 
dition of active growth outside of the .organism for more than eleven 
months, 4  that  its  mass  increases  considerably,  and  its  power  of 
proliferation,  after  such  a  long  period,  is  more  active  than  at  the 
beginning of its life in vitro. 
8Carrel, A.,  loc. cir. 
4  On February  3,  I913, the tissues derived from  this culture  had  undergone 
their I38th passage and were in a condition of active growth after more than one 
year of life in vitro. Albert  H.  Ebeling. 
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Passage. 
Experi- 
ment 
725 
I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
II 
I2 
Date 
(x9x2). 
Jan.  x7 
Jan.  19] 
Treatment  of culture.  Observations. 
Culture of heart tissue from 7 day Jan.  I9,  pulsations  had  disap- 
old  chick  embryo cultivated  in  peared. 
chick plasma. 
Washed  in  Ringer  solution  for  5 
minutes  and cultivated in hypo- 
tonic chick plasma.  5 
Jan.  25 Washed  in  Ringer  solution  for  5 
minutes and cultivated in hypo- 
tonic plasma. 
Jan.  30  Washed  in  Ringer  solution  for  5 
minutes and cultivated in hypo- 
tonic plasma. 
Feb. 
Feb. 
Feb. 
Feb. 
I  Washed  in  Ringer  solution  for  5 
minutes and cultivated in hypo- 
tonic  plasma,  2  drops,  plus 
extract,  i  drop.  e 
5  Washed  in  Ringer  solution  for  2 
minutes and cultivated in hypo- 
tonic plasma. 
7  Washed  in  Ringer  solution  for  2 
minutes and cultivated in hypo- 
tonic plasma. 
9  Washed  in  Ringer  solution  for  3 
minutes and cultivated in hypo- 
tonic plasma. 
Feb.  x2  Washed  in  Ringer  solution  for  2 
minutes and cultivated in hypo- 
tonic plasma. 
Feb.  I3  Washed  in  Ringer  solution  for  3 
minutes and cultivated in hypo- 
tonic plasma. 
Feb.  I6  Washed  in  Ringer  solution  for  2 
minutes and cultivated in hypo- 
tonic plasma. 
Feb.  19  Washed  in  Ringer  solution  for  4 
minutes and cultivated in hypo- 
tonic plasma. 
Feb.  23  Washed  in  Ringer  solution  for  3 
minutes and cultivated in hypo- 
tonic plasma. 
Jan.  19,  after transfer the heart 
fragment pulsated 48 times per 
minute,  and  connective tissue 
cells  began to grow.  Jan. 25, 
pulsations had disappeared. 
Slow growth. 
Slow growth. 
Feb. 2, active growth. 
Growing. 
Growing. 
Growing. 
Growing. 
Growing. 
Good growth. 
Good growth. 
Growing. 
5 Hypotonic  plasma  consisted  of  3  parts  of  plasma  and  2  parts  of  distilled 
water. 
6 The extract  was prepared  from seven day old  chick  embryo plus 3  drops of 
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Date 
Passage.  (I912) . 
I3  Feb.  27 
I4  Feb.  28 
15  Feb.  29 
16  March 
17  [March 
I 
18  ]March 
I 
19  March 
l 
2o  March I9 
21  [March 22 
22  March 26 
23  March 29 
I 
Treatment  of culture.  [  Observations.  l 
Washed  in  Ringer  solution  for  2iGood growth. 
minutes and cultivated in hypo-[ 
tonic plasma.  ] 
I  Washed  in  Ringer  solution  for  3iGood growth. 
minutes and cultivated in hypo- 
tonic plasma. 
Washed  in  Ringer  solution  for  3 Pulsations reappeared. 
minutes and cultivated in hypo- March I, 9 A.  M.,  88  pulsations 
tonic plasma,  at 4o  ° C. 
Washed  in  Ringer  solution  for  2 March 5, 9 A. M., 112 pulsations 
minutes and cultivated in hypo-  at 39 ° C. 
tonic plasma. 
Washed  in  Ringer  solution  for 
minutes and cultivated in hypo- 
tonic plasma. 
Washed  in  Ringer  solution  for  3 
minutes and cultivated in hypo- 
tonic  plasma plus a  small drop 
of extract. 
Ameboid  and  elongated  tissue 
cells growing actively. 
March 8,  2 P.  M.,  48  pulsations 
at 40  ° C. 
March I3,60 pulsations at 32 ° C. 
before changing culture.  Fair 
growth of new cells. 
Good growth. 
Washed  in  Ringer  solution  for  2 
minutes and cultivated in hypo- 
tonic plasma, 2 drops, plus fresh 
extract,  i  drop. 
Washed  in  Ringer  solution  for  3 
minutes and cultivated in hypo- 
tonic plasma, 2 drops, plus fresh 
embryonic extract,  x drop. 
Washed  in  Ringer  solution  for  2 
minutes and cultivated in hypo- 
tonic plasma, 2 drops, plus fresh 
embryonic extract,  I  drop. 
Washed  in  Ringer  solution  for  3 
minutes and cultivated in hypo- 
tonic plasma, 2 drops, plus fresh 
embryonic extract,  I  drop. 
Washed  in  Ringer  solution  for  3 
minutes and cultivated in hypo- 
tonic plasma, 2 drops, plus fresh 
embryonic extract,  z drop. 
12  pulsations  at  39  °  C.  before 
changing  culture.  (Irregular 
pulsations, intermittent, series 
of 4 or 5 pulsations, then long 
pause.) 
Pulsations slow and irregular. 
I24  pulsations at  40 °  C.,  again 
regular  and  vigorous.  24  to 
28 pulsations. 
44  pulsations,  vigorous.  Large 
growth of ameboid cells. 
52 pulsations.  Large increase in 
growth of cells. Albert  H.  Ebeling.  277 
Passage. 
24 
25 
Experi- 
ment 
][269"-2. 
26 
27 
28 
29 
30 
3x 
32 
33 
34  April 30 
Date 
(X912). 
April  x 
April  2 
April  5 
April  8 
April Ix 
April x5 
April I8 
April 22 
[  April 25 
I  April 27 
Treatment of culture. 
Washed  in  Ringer  solution for  4 
minutes and cultivated in hypo- 
tonic plasma, 2 drops, plus fresh 
embryonic extract,  I  drop. 
Washed  in  Ringer  solution  for  3 
minutes and cultivated in hypo- 
tonic  plasma,  2  drops,  plus 
extract,  I  drop. 
Culture  I239  was  divided  and 
washed  in Ringer solution for 3 
minutes and cultivated in hypo- 
tonic plasma, 3 drops, plus fresh 
embryonic extract,  i  drop. 
Observations. 
Folding in of piece in culture. 
April  2,  no  pulsations.  The 
fragment of heart is imbedded 
in  the  middle  of a  very thick 
layer  of  cells  and  coagulated 
plasma. 
56 pulsations, vigorous after pas- 
sage.  Good growth. 
April  7, large  growth,  52  pulsa- 
tions at 39  ° C.;  elongated and 
ameboid cells. 
April 8, large growth,  The area 
covered by cells is equal to 7o 
times the area of  fragment  of 
heart  tissue. 
Washed  in  Ringer  solution  for  3 April i I, very large growth. 
minutes and cultivated in hypo- 
tonic plasma, 2 drops, plus fresh 
embryonic extract,  I  dropY 
Washed  in  Ringer  solution  for  2 Large  growth  of  fusiform  and 
minutes and cultivated in hypo-  ameboid cells. 
tonic plasma, 2 drops, plus fresh April x3, very large growth. 
embryonic extract,  ~ drop. 
Washed  in  Ringer  solution  for  2 April I7, large growth of cells. 
minutes and  cultivated  in same 
medium. 
Washed  in  Ringer  solution  for  2 
minutes and cultivated  in same 
medium. 
April  x9,  network  of  elongated 
cells growing out from central 
piece of tissue. 
Washed  in  Ringer  solution  for  2 
minutes and  cultivated  in  same 
medium. 
Washed  in  Ringer  solution  for  4 Good growth. 
minutes and cultivated  in same 
medium. 
April 28,  good growth. 
Washed  in  Ringer  solution  for  2 
minutes and cultivated  in same 
medium. 
pril 28,  good growth. 
Washed  in  Ringer  solution  for  2~Good growth. 
medium,  minutes and cultivated  in same 
Culture  I269-q  contained  a  pulsating  fragment of  heart,  culture  I269-2  con- 
tained  connective  tissue  cells  which  had  grown  out  from the  heart  fragment  in 
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38 
39 
40 
4I 
43 
44 
45 
46 
47 
Date 
IPassage'  (x9x2)  ' 
35  May  3 
36  May  7 
~--37  May  io 
/  May  13 
May  16 
May  18 
May  20 
42  May  23 
I 
--  M---~y  28 
May  3x 
June  3 
June  6 
Treatment of culture.  Observations. 
Washed  in  Ringer  solution  for  2 Good growth. 
minutes and cultivated  in same 
medium. 
May 8, rapid growth.  Washed  in  Ringer  solution  for  3 
minutes and cultivated  in same 
medium. 
Culture  was not extirpated  from 
cover-glass,  fresh  medium  was 
added.) 
Washed  in  Ringer  solution  for  2 
minutes and  cultivated  in same 
medium. 
Washed  in  Ringer  solution  for  3 
minutes and  cultivated  in same 
medium. 
Washed  in  Ringer  solution  for  3 
minutes and cultivated  in same 
medium. 
Washed  in  Ringer  solution  for  2 
minutes and cultivated  in same 
medium. 
Washed  in  Ringer  solution  for  2 
minutes and  cultivated  in same 
medium. 
Good growth. 
Growing. 
Growing slowly. 
Large growth of ameboid cells. 
May 2x,  good growth. 
Washed  in  Ringer  solution  for  3 
minutes and cultivated  in same 
medium. 
.!. 
Washed  in  Ringer  solution  for  2[Good growth. 
Growing slowly. 
minutes and cultivated  in same 
medium. 
Washed  in  Ringer  solution  fcr  2 Growing actively; elongated and 
minutes and  cultivated  in same  ameboid cells. 
medium. 
Washed  in  Ringer  solution  for  2 Good  growth;  elongated  and 
minutes and  cultivated  in same  ameboid ceils. 
medium. 
Washed  in  Ringer  solution  for  2 Good growth. 
minutes and cultivated  in same 
medium. 
iWashed  in  Ringer  solution  for  2 Good  growth;  elongated  and 
minutes and cultivated  in same  ameboid ceils. 
medium. Albert  H.  Ebeling.  279 
Passage. 
48 
49 
50 
5I 
52 
53 
54 
55 
56 
57 
58 
59 
60 
6I 
Date  (x9x2)"  Treatment of culture. 
June  8  Washed  in  Ringer solution for  2 
minutes and cultivated in same 
medium. 
June  II  Washed  in  Ringer  solution for  2 
minutes and cultivated in same 
medium. 
June  I4  Washed  in  Ringer  solution for  2 
minutes and cultivated in same 
medium. 
June  17  Washed  in  Ringer  solution for  2 
minutes and cultivated in same 
medium. 
June  2I  Washed  in  Ringer solution for  2 
minutes and cultivated in same 
medium. 
June  24  Washed  in  Ringer solution for  2 
minutes and cultivated in same 
medium. 
June  27  Washed  in  Ringer solution for  3 
minutes and cultivated in same 
medium. 
July 
July 
July 
I  Washed  in  Ringer  solution for  3 
minutes and cultivated in same 
medium.  Ameboid cells grow- 
ing 
3  Washed  in  Ringer solution for  3 
minutes and cultivated in same 
medium. 
6  Washed  in  Ringer solution for  3 
minutes and cultivated in same 
medium. 
July  IO  Washed  in  Ringer  solution  for  3 
minutes and  cultivated in same 
medium. 
July  i2 
July  x5 
July  i8 
Washed  in  Ringer  solution for  3 
minutes and cultivated in hypo- 
tonic plasma,  2  drops,  plus ex- 
tract, x drop. 
Washed  in  Ringer solution for  2 
minutes and  cultivated in  nor- 
mal plasma and extract. 
Observations. 
A  few cells growing. 
A few cells growing. 
A few cells growing. 
A few cells growing. 
A few cells growing. 
A few ceils growing. 
Slight increase in growth. 
Ameboid cells growing. 
July 5,  no growth. 
July  8,  growing  well;  ameboid 
cells predominate. 
No growth. 
July  15,  growing  poorly;  more 
ameboid  cells  present  than 
elongated cells. 
July I7, active growth. 
Washed  in  Ringer  solution for  21Active growth of elongated ceils; 
minutes and cultivated in same  dense  portion  very  small; 
medium,  cells growing out. 280  Life of Connective Tissue Outside of Organism. 
Date  2" Elongated 
Passage.  (z9x2)"  Treatment of culture.  Observations. 
62  July  22  Washed  in  Ringer  solution for  and  ameboid  cells. 
minutes and cultivated in same  Five old cultures still growing. 
medium. 
63  July  25  Washed  in  Ringer  solution for  2 Vigorous growth. 
minutes and cultivated in same 
medium. 
64  July  29  Washed  in  Ringer solution for  2 Growing vigorously. 
minutes and  cultivated in same 
medium. 
65  Aug.  I  Washed  in  Ringer  solution for  2 Culture  2o91  divided  into  3 
minutes and cultivated in same  parts;  each  piece  retained  a 
medium,  portion of the old mass. 
66  Aug.  Growing poorly. 
67 
68 
Aug. 
69  Aug.  x2 
'72 
73 
70  Aug.  x5 
7I  Aug.  I9 
Aug.  21 
3  Washed  in  Ringer solution  for  2 
minutes and cultivated in same 
medium. 
6  Washed  in  Ringer solution for  2 
minutes and cultivated in same 
medium. 
Washed  in  Ringer solution for  2 
minutes and cultivated in same 
medium. 
Washed  in  Ringer solution for  2 
minutes and cultivated in same 
medium. 
Washed  in  Ringer  solution for  2 
minutes and  cultivated in same 
medium. 
Washed  in  Ringer solution for  2 
minutes and cultivated in same 
medium. 
Washed  in  Ringer  solution for  2 
minutes and cultivated in same 
medium. 
Washed  in  Ringer  solution for  2 
minutes and cultivated in same 
medium. 
74  Aug.  26  Washed  in  Ringer solution for  2 
minutes and cultivated in same 
medium. 
75  Aug.  28  Washed  in  Ringer  solution for  2 
minutes and cultivated in same 
medium. 
Growing poorly. 
Growing slowly.  Dense  central 
mass; active cells growing out. 
Aug.  I2.  The  older  portion  of 
the  piece  was  discarded,  the 
outer zone  of active cells being 
transferred. 
Aug.  14,  very luxuriant growth. 
Aug. x6,  growing fairly well. 
Aug. 20,  growing slowly. 
Growing well; elongated cells. 
Luxuriant growth; ameboid cells; 
network of elongated cells. 
Aug.  26,  growing well; infection 
of various cultures. 
Aug. 31, extensive growth. Albert  H.  Ebeling.  281 
Passage. 
76 
77 
78 
79 
80 
8i 
83 
83 
84 
85 
86 
87 
88 
Dat~ 
(mi2). 
Sept.  3 
Sept.  5 
Sept.  9 
Sept. i3 
Sept, i6 
Sept. I9 
Sept. 33 
Sept, 25 
Sept. 28 
Oct.  I 
Oct.  4 
Oct.  7 
Oct.  Io 
Treatment of culture.  Observations. 
Washed  in  Ringer  solution  for  2 Photograph  taken  Sept.  3,  9.3o 
minutes and cultivated  in same  A.M.,  before passage and  six 
medium,  days  after  change  into  fresh 
medium.  Growing well. 
Washed  in  Ringer  solution  for  2 Sept.  5,  cover-glass broken;  no 
minutes and cultivated  in same  infection. 
medium.  Sept.  7, vigorous growth. 
Sept. 9, growing well. 
Washed  in  Ringer  solution  for  2 Growing fairly well. 
minutes and cultivated  in same 
medium. 
Washed  in  Ringer  solution  for  2 Growing vigorously. 
minutes and cultivated  in same 
medium. 
Washed  in  Ringer  solution  for  2 Growing vigorously. 
minutes and cultivated  in same 
medium. 
Washed  in  Ringer  solution for  2 Growing vigorously. 
minutes and cultivated  in same Sept. 2I, growing vigorously. 
medium. 
Washed  in  Ringer  solution for  4 Good growth. 
minutes and cultivated  in same 
medium. 
Washed  in  Ringer  solution  for  3 Growing. 
minutes and cultivated  in same 
medium. 
Washed  in  Ringer  solution  for  3 Growing. 
minutes and cultivated in hypo- 
tonic plasma. 
Washed  in  Ringer  solution  for  4 Good growth. 
minutes and  cultivated  in  plas- 
ma, 2 drops, pins extract, I drop. 
Washed  in  Ringer  solution  for  3 Good growth. 
minutes and  cultivated  in plas- 
ma, 2 drops, plus extract, r drop. 
Washed  in  Ringer  solution  for  i  Good growth. 
minute  and  cultivated  in  plas- 
ma, 2 drops, plus extract, r drop. 
Washed  in  Ringer  solution  for  I  Good growth. 
minute  and  cultivated  in  plas- 
ma  (i  part  plasma,  3  parts 
water),  2  drops,  pins  extract 
i  drop. 282  Life of Connective Tissue Outside of Organism. 
Passage. 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
ioo 
Date 
(xgx2). 
Oct.  12 
Treatment of culture. 
7Cashed  in  Ringer  solution  for  1 
minute  and  cultivated  in  same 
medium. 
Oct.  16  Washed  in  Ringer  solution  for  1 
,  minute  and  cultivated  in  same 
I  medium. 
in  Ringer  solution  for  1 
:e  and  cultivated  in  same 
im. 
Observations. 
Excellent growth. 
Oct.  13-15 , excellent growth. 
Oct.  17,  excellent  growth  of 
elongated cells. 
Oct. 21, very good growth. 
in  Ringer  solution  for  1 Oct.  24,  7  A.  M.,  large  growth 
:e  and  cultivated  in  same  of scattered cells. 
tm.  Oct. 25, excellent growth. 
Oct.  25,  9  P.  M.,  large growth. 
in  Ringer solution  for  30 Oct.  26,  I1  P.  M.,  good growth. 
as  and  cultivated  in  sam, 
lm. 
in  Ringer solution  for  50 Excellent growth. 
ds  and  cultivated  in  same 
lm. 
2611  divided into 2  parts, 
;d  in  Ringer  solution  for 
:conds,  and  cultivated  in 
medium. 
in  Ringer  solution  for 35 
ds  and  cultivated  in  same 
lm. 
2647 divided into 2  parts, 
.~d  in  Ringer  solution  for 
.~conds,  and  cultivated  in 
medium. 
2662 divided into 2  parts; 
:ed  area removed.  Washed 
ager solution for 35 seconds 
:ultivated in same medium. 
put  directly  into  new 
am without  washing. 
[  in  Ringer solution  for 25 
ds  and  cultivated  in  same 
Llm. 
Nov.  I,  mass  had  increased  to 
such  an  extent  that  culture 
was divided into 2  parts. 
Nov.  2, rapid growth. 
Nov.  4,  great  increase  in  mass 
and density. 
Nov. 2, 6  P. M., excellent growth 
9  hours  after  changing  into 
new medium. 
Nov.  4,  excellent  growth,  very 
dense. 
Nov.  5,  cultures  were  divided 
again,  making  4.  Excellent 
growth. 
Nov. 6,  infection. 
Nov.  7,  cultures  divided  again, 
making  8.  Excellent  growth. 
Growing fairly well. 
Excellent growth. 283 
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IOI 
xo3 
Io2  Nov. x7 
Nov. 27 
Date 
(x912). 
Nov.  I4 
Albert  H.  Ebeling. 
Nov. 19 
Treatment of culture. 
Culture 2734 divided into 2  parts, 
washed  in  Ringer  solution  for 
3o  seconds,  and  cultivated  in 
same medium. 
Culture 2765 divided into 2  parts, 
washed  in  Ringer  solution  for 
4o  seconds,  and  cultivated  in 
same medium. 
Washed in Ringer solution for I 
minutes and cultivated in same 
medium. 
Observations. 
Nov.  x4,  cultures divided again, 
but  cultivated  on  the  same 
cover-glass. 
Nov.  I7,  cultures divided again, 
making  r6  separate  cultures. 
Excellent growth. 
Excellent growth. 
Io4  Nov. 2I ~Washed in Ringer solution for 3o Nov. 22,  excellent growth. 
seconds and  cultivated in same 
medium. 
Io5  Nov. 23  Washed in Ringer solution for 3.:  Nov. 24 and 25, excellent  growth. 
seconds and  cultivated in sam* 
medium. 
106  Nov. 25 
lO7 
Washed in Ringer solution for 38 
seconds and  cultivated in same 
medium. 
Washed in  Ringer solution for 3o 
seconds and cultivated in same 
medium. 
Nov.  25,  2  P:  M.,  3  hours after 
change,  many  elongated  cells 
growing out. 
Nov.  26,  excellent growth. 
Photograph taken. 
Nov. 28 and 29, excellent  growth, 
dense network of cells. 
io8  Nov. 30  Washed in Ringer solution for 30 Dec.  I  and  3,  excellent growth. 
seconds and  cultivated in same 
medium. 
io9  Dec.  3  Washed in  Ringer solution for 4o Dee. 4, excellent growth. 
seconds and  cultivated in same 
medium. 
iIO  Dee.  4  Washed in Ringer solution for 3o Dec.' 5, excellent growth. 
seconds and  cultivated in same~ 
medium. 
III  Dec.  5  Culture partially divided,  washed Dec.  5,  3.50  P.  M.,  excellent 
in Ringer solution for3o seconds,  growth 5  hours after transfer. 
and cultivated in same medium. 
iI2  Dec.  7  Culture partially divided, washedlDec.  8,  excellent growth,  quite 
in Ringer solution for 35 seconds,  dense. 
and cultivated in same medium., 
xx3  Dec.  Io  Washed  in  Ringer solution  for  I  Dec.  ii, excellent growth. 
medium,  minute and  cultivated in  same 284  Life of Connective Tissue Outside of Organism. 
Passage. 
114 
115 
116 
II7 
II8 
II9 
12I 
I22 
Dec.  12 
Dec.  14 
Dec.  16 
Dec.  17 
Dec.  19 
Dec.  21 
x2o  Dec.  24 
Dec.  37 
Treatment of culture. 
Washed in Ringer solution for 30 
seconds  and  cultivated in  nor- 
mal  plasma,  2  drops,  plus  ex- 
tract (24 hours old  and  kept in 
cold storage), I  drop. 
Washed in Ringer solution for 35 
seconds  and  cultivated in  nor- 
mal  plasma,  2  drops,  plus  ex- 
tract (24 hours old),  i  drop. 
Culture  divided  into  2  parts, 
washed  in  Ringer  solution  for 
30  seconds,  and  cultivated  in 
same medium. 
Culture  divided  into  2  parts. 
Nos.  I  and  2  washed in Ringer 
solution for 3o  seconds.  No.  I 
cultivated  in  normal  plasma 
and  old extract (prepared  Dee. 
IS). 
Washed in  Ringer solution for 30 
seconds and  cultivated in same 
medium. 
Culture divided, washed in Ringer 
solution  for  40  seconds,  and 
cultivated in same medium. 
Culture divided, washed in Ringer 
solution  for  35  seconds,  and 
cultivated  in  plasma,  2  drops, 
plus fresh extract, x drop. 
Culture divided, washed in Ringer 
solution  for  30  seconds,  and 
cultivated in same medium. 
Culture  divided,  washed  in  iso- 
tonic  8  solution  for  30  seconds 
and  cultivated  in  plasma,  2 
drops,  plus  old  extract  (pre- 
pared Dec. 21  and  kept in cold 
storage), I  drop. 
Observations. 
Dec.  i3, excellent growth. 
Dec.  14,  I  P.  M.,  new  cells 
growing  out  3  hours  after 
transfer. 
Dec.  I9, excellent growth. 
Dec.  17,  6  P.  M.,  excellent 
growth;  a  crown  of  new cells 
growing rapidly. 
Dec. I8, A. M., excellent growth, 
quite dense. 
Dec.  19,  6  P.  M.,  excellent 
growth. 
Dec. 2o, A. M., excellent growth, 
fairly dense. 
IDec.  22,  excellent growth,  quit~ 
extensive. 
Dec.  26,  excellent growth;  area 
increased about four times. 
Dec. 28,  poor growth. 
Dec.  29,  growing slowly. 
Dec.  30,  good  growth;  man3 
scattered  cells grow in  a  me 
dium due to extract. 
Jan. 2, excellent growth; increase 
in mass about 4 times original 
size. 
s The  isotonic solution  consisted of  sodium  chloride,  8.5  gm.;  sodium  bicar- 
bonate, o.3 gm.; calcium chloride, o.25 gm. ;  potassium chloride, o.I  gm.;  and  dis- 
tilled water to  make  i,ooo gin. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XVII.  PLATE  53. 
FIG.  I. 
FIG.  2. 
(Ebeling :  Life of Connective Tissue.) THE  JOURNAL  OF EXPERIMENTAL  MEDICINE  VOL.  XVII.  PLATE  54 
FIG.  3. 
FIG,  4. 
(Ebeling :  Life of Connective Tissue.) Albert  H.  Ebeling.  285 
Passage. 
I23 
I24 
I25 
126 
127 
128 
I29 
Date 
(x9T3). 
Jan. 
Jan. 
Jan. 
Jan. 
Treatment of culture. 
2  Culture  divided  into  2  parts, 
washed  in  isotonic  solution  for 
35  seconds,  and  cultivated  in 
plasma, 2 drops, plus old extract 
(prepared Dec.  27),  I  drop. 
4  Washed in isotonic solution for 30 
seconds and  cultivated  in  plas- 
ma,  2  drops,  plus  old  extract 
(prepared Jan. 3),  I  drop. 
6  Washed in isotonic solution for 30 
seconds and  cultivated  in  plas- 
ma,  2  drops,  plus brain extract 
(prepared  from  brain  of  adult 
chicken, Dec.  x9),  I  drop. 
9  Washed in  Ringer solution for 30 
seconds and  cultivated  in  plas- 
ma, 2  drops,  plus flesh extract 
i  drop. 
Jan.  II  Washed in Ringer solution for 35 
seconds and cultivated  in same 
medium. 
Jan.  I4  Washed  in isotonic solution for  I 
minute and  cultivated  in  same 
medium. 
Washed in Ringer solution for 3c 
seconds and cultivated  in same 
medium. 
Observations. 
Jan. 2, before passage. 
Excellent  growth;  increase  in 
mass about 4 times. 
Jan.  5, good growth. 
Jan.  7, good growth. 
Jan.  io, growing fairly well. 
Jan. I2, growing. 
]'an. 15, growing fairly well. 
]'an.  I5,  4.30  P.  M.,  new  cells 
growing forth. 
Jan.  I6,  9  A.  M.,  very  good 
growth. 
EXPLANATION  OF  PLATES. 
PLATE 53. 
FIG.  I.  A  culture  of  connective  tissue  derived  from  embryonic  heart  tissue 
(chick)  which  was  extirpated  on  January  I7,  I912.  The  photograph  was  taken 
on  September  3,  I912,  six days after  the  seventy-fifth passage. 
FIG.  2.  The  same  as  figure  I;  high  magnification. 
PLATE  54. 
FIG.  3-  A  culture  of  connective  tissue  derived  from  the  same  culture  as 
figure  I.  The  photograph  was  taken  on  November  25,  I912,  forty-eight  hours 
after  the  Io5th  passage.  The  photograph  shows  an  opaque  area  composed  of 
cells  and  old  plasma  which  is  surrounded  by a  clearer  area  of the tissue formed 
in  forty-eight  hours. 
FIG.  4.  The  same as  figure 3;  higher  magnification.  The  photograph  shows 
part  of  the  area  of  tissue  formed  in  forty-eight  hours. 